Background: Approaches to respiratory care of patients needing prolonged mechanical
Introduction
There is an increasing number of patients requiring prolonged mechanical ventilation (PMV) around the world because of improved intensive care unit (ICU) care, population aging, and increased burden of comorbidities. 1, 2 This patient population definitely has different needs and resource utilization patterns from ICU patients, and specialized management strategies for them are rapidly emerging. 3 Accordingly, different approaches to respiratory care might be indicated. 3 In the past few years, the importance of predicting extubation outcome following a successful spontaneous breathing trial (SBT) has been emphasized. Nowadays, it is realized that predicting the outcome of an SBT is less important because an SBT is easy to perform, safe, and well-tolerated. 4 Several studies have identified a number of clinical factors predicting extubation failure in the ICU setting. [4] [5] [6] However, it remains uncertain whether the performance of these factors can be reproduced for PMV patients.
The aim of the present study was to test the predictive value of the usual variables for extubation outcome in PMV patients in a specialized intermediate respiratory care unit (IRCU) setting. Also, the one-year survival of the patients with regard to extubation outcome was analyzed.
Methods

Study setting
This retrospective study was conducted in a 12-bed IRCU in a university-affiliated hospital in Taiwan. In Taiwan, an integrated delivery system program driven by National Health
Insurance Bureau has been applied in patients who are expected to require ventilatory support for ≧21 days since 1998. Patients were eligible for IRCU admission if they met the following requirements: hemodynamic stability, no vasoactive drug infusion, stable oxygen requirements, no active hepatic or renal failure, no requirement for surgical intervention or if the primary physician deemed it beneficial for the patient to be transferred to the IRCU. The nurse-to-patient ratio in the IRCU was 1:4 and respiratory therapist-to-patient ratio was 1:12.
All patients received continuous pulse oximetry, electrocardiogram and impedance pneumography monitoring.
Study subjects with prolonged mechanical ventilation
From January 2005 to December 2007, all patients who had been intubated and placed on mechanical ventilation for ≧21 days at the time of admission to the IRCU and were extubated following a successful SBT during the IRCU stay were identified using a respiratory care database. All patients were followed for one year after IRCU admission or until death. Patients who were lost to follow-up within one year after IRCU admission were included in the analysis of extubation outcome but were excluded from survival analysis. The subsequent attempted extubation were obtained. 7 The rapid shallow breathing index (RSBI) was derived by dividing the respiratory rate by the tidal volume. Risk factors for extubation failure, including levels of consciousness as determined by the Glasgow coma scale (GCS) score, effectiveness of cough, volume and character of airway secretions, and fluid balance as determined by fluid input minus output over the 24-hour period, were recorded during the 24 hours before extubation. 4, 5 The effectiveness of cough was classified as effective (strong cough with phlegm moving into the endotracheal tube) or ineffective (no cough response or audible movement of air through the endotracheal tube but no audible cough). 8 The volume of airway secretions was classified as abundant (requiring suctioning every two hours or less)
or not abundant (requiring less frequent suctioning), 8 and character of airway secretions was classified as purulent or non-purulent. The information regarding the assessment of cough effectiveness was retrieved across the three nursing shifts within 24 hours before being extubated. If there were discordant results, they were categorized according to the dominant classification.
Weaning protocol
A respiratory therapist-implemented weaning protocol, which was adapted from the statement of the sixth international consensus conference on intensive care medicine, was used in the IRCU. 9 In brief, daily screening for weaning and SBT readiness was performed by respiratory therapists, and an SBT was conducted on T-piece or low-level pressure support for 30-120 minutes at the discretion of the respiratory therapist if the patient fulfilled the following criteria: reliable respiratory drive, stable hemodynamic status, no deterioration of the offending disease, a positive end-expiratory pressure of ≦8cmH 2 O, a fraction of inspired oxygen of ≦40% and an RSBI of <200/min/L. RSBI was evaluated from measurements of the minute ventilation and respiratory rate while patients breathed through the ventilator circuit with continuous positive airway pressure of 5cmH 2 O. The measurements were obtained using the Wright spirometer attached to the expiratory port of the ventilator circuit and were made after a 1-2 min equilibration period was allowed to elapse after stopping the ventilator. Patients were considered to have a successful SBT if none of the following signs or symptoms were observed at the end of the SBT: respiratory rate >35/min, arterial oxygen saturation <90%, heart rate >140/min or a sustained increase or decrease of heart rate of >20%, systolic blood pressure of >180mmHg or <90mmHg, anxiety, agitation, diaphoresis, or thoracoabdominal dyssynchrony. 10 The primary physician ordered extubation for all patients who succeeded the SBT. If this was the case, he or she was immediately extubated after the SBT.
Statistical analysis
Results were expressed as the mean and standard deviation and proportions, as appropriate.
The inter-group differences were compared by using the independent samples t- Survival curves for patients with successful extubation and failed extubation were plotted using the Kaplan-Meier method and compared by the log-rank test. The Cox proportional hazards model was used to determine the relationship between one-year survival and patient characteristics, including extubation outcome, age, sex, APACHE II score, and length of ICU stay, which were coded as dichotomous variables using the median values, as appropriate.
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Results
Patient characteristics
During the three-year period, a total of 357 patients were admitted to the IRCU and 93%
(331/357) of them had been placed on mechanical ventilation for ≧21 days at IRCU admission, accounting for 11.5% (331/2886) of all ventilated ICU patients. Of those, 123
patients were included in this study ( Fig. 1 ). There were 132 tracheostomized patients excluded; 97 (73.5%) of them had a tracheostomy done before IRCU transfer, including 4
undergoing tracheostomy prior to this episode of respiratory failure. The median time to tracheostomy insertion for the 128 patients was 21 days during this hospitalization. Four patients who were reintubated immediately because of acute upper airway obstruction after extubation were excluded from the data analysis. Table 1 Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.
during the ICU stay and two thirds of the patients were ventilated in the pressure-support ventilation mode on admission to the IRCU.
Outcome after extubation and predictors for reintubation
After IRCU transfer, 29 (24.4%) patients succeeded their first SBT attempt and were extubated. Overall, 3.3±2.3 SBT attempts were needed before the patients underwent extubation. On average, the patients were extubated 12 days after admitted to the IRCU. Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.
patients. In the multivariate logistic regression model, cough effectiveness was the only variable independently predicting extubation outcome of these patients ( Table 2 ). The sensitivity, specificity, positive predictive value, and negative predictive value of ineffective cough as a predictor of failed extubation were 85%, 71%, 46%, and 94%, respectively. Table   3 indicated that the number of acceptable weaning parameters did not predict extubation outcome; more than half of the patients who failed extubation had at least three acceptable weaning parameters.
Long-term survival
The in-hospital mortality of all 119 patients was 24.4%. Seven patients lost to follow-up at one year were excluded from the survival analysis. The one-year survival of patients with successful extubation was significantly better than that of patients with failed extubation (Fig.   3 ). There were 77, 67, and 61 patients being seen at 3-, 6-, and 12-month follow-up, respectively. A Cox proportional hazards model incorporating patient demographics, severity of illness, and extubation outcome showed that failed extubation remained an independent predictor of worse long-term survival (Table 4) . Instead, age, sex, APACHE II score, and ICU length of stay did not have a discriminative value for one-year survival of these IRCU patients.
Discussion
This study shows that amongst the usual predictors of extubation outcome, cough effectiveness was the only one independently predicting extubation outcome of intubated PMV patients in an IRCU setting, and failed extubation independently predicted a worse one-year survival.
Nowadays, it remains difficult to predict extubation outcome in ICU patients. Similarly, in this study we were unable to identify predictive variables achieving enough sensitivity and specificity to be reliably used as a sole predictor of extubation outcome in PMV patients.
Studies have demonstrated the importance of cough strength as a factor related to reintubation. 13, 14 On multivariate analysis, we also showed that ineffective cough was more common in patients who failed extubation and its positive predictive value and negative predictive value in predicting failed extubation were 46% and 94%, respectively. The result indicates that although many PMV patients were successfully extubated despite poor airway clearance function, the presence of effective cough was highly associated with successful extubation. The present study extends the importance of airway competence on extubation outcome to PMV patients recovering from a variety of medical and surgical illnesses.
However, given the study design we were not allowed to provide an objective measure of cough strength to be used in the decision to extubate.
The finding of an association between failed extubation and a higher mortality rate is not
new; 15, 16 however, to our knowledge, this is the first study to demonstrate this association in an IRCU setting. The probability of survival in 27 patients who failed their first extubation trial was approximately one-half that of those who succeeded extubation (Table 4 ). Because two survival curves obviously separated within two months of IRCU admission (Fig. 2) , failed extubation might impose some negative effects on these patients. First, reintubation has been suggested to be harmful because it would increase the risk for pneumonia, 16 and the study by Torres et al. in a mixed medical-surgical ICU found that approximately one half of the mortality rate among reintubated patients was attributable to the development of pneumonia. 16 Second, clinical deterioration might occur during the interval between extubation and reintubation and contribute to worse outcome.
Furthermore, although being adjusted for severity of illness, the possibility that failed extubation represents an independent marker of more severe illness could not be excluded.
This way, failed extubation itself would provide additional prognostic information to that derived from conventional severity scores. Taken together, no matter what the exact relationship between failed extubation and patient outcome is, our study suggests that alternative dedicated care practices should be instituted with the aim of reducing mortality when taking care of PMV patients who fail extubation trials.
In the present study, the reintubation rate was 23.7%, which seemed higher than previously reported rates of 10-20%. 4, 5, 17, 18 The differences were caused by various study 3 this work suggests that sustaining spontaneous breathing for 7 consecutive days should constitute successful extubation in PMV patients.
The RSBI was first described by Yang and Tobin in 1991, 19 and early studies have suggested that it was the most accurate predictor of failure in weaning patients from mechanical ventilation. 20, 21 However, in the past decade a few possible limitations of the RSBI used during the weaning process were demonstrated. First, it mainly gauges the ability to sustain spontaneous breathing without the ventilator but does not help distinguish extubation outcome. 8, 22 Second, the RSBI tends to be higher in PMV patients, probably because these chronically ill patients are more likely to assume a rapid shallow breathing respiratory pattern due to muscle wasting and weakness, and does not predict weaning outcome in these patients. 23, 24 Accordingly, it is not surprising that the present study did not RESPIRATORY CARE Paper in Press. Published on January 08, 2013 as DOI: 10.4187/respcare.01773
find an association between the RSBI and extubation outcome in the IRCU setting.
Severity scoring systems were originally derived and designed for use in the ICU setting to assess severity of illness and predict mortality; however, their accuracy of predicting long-term mortality in a post-ICU setting has not been thoroughly validated. Consistent with prior studies, 11, 25 we did not demonstrate an association between long-term survival and the APACHE II score. Although such an association has been reported in a few studies, 24, 26, 27 these authors primarily investigated mortality over a short period of time and found that the APACHE II score was poor at discriminating between individual patients in terms of risk of death. 27 Development of a severity scoring system for PMV patients is important because these patients consume a disproportionate amount of healthcare resources and have high medical costs, 28, 29 and such a scoring system could facilitate earlier and more definitive discussions between physicians and patients/surrogates regarding appropriate goals of care.
Thus, defining adequately performing and validated severity measures is urgently needed.
Compared to studies conducted in western countries, 30, 31 in which tracheostomy was performed after a median of approximately 2 weeks of mechanical ventilation, half of the 128 tracheostomized PMV patients who were not eligible for this study underwent tracheostomy more than 3 weeks of ventilatory support. Cultural differences may mainly account for the discrepancy. In our practice, the decision to proceed to tracheostomy is usually made if the patient could not be extubated within 14 days; however, patients and their families tend to RESPIRATORY CARE Paper in Press. Published on January 08, 2013 as DOI: 10.4187/respcare.01773
refuse or postpone the procedure because customarily our people disapprove of creating a stoma in the body. Actually, the optimal timing for tracheostomy in PMV patients remains a point of debate. There is conflicting evidence about whether early tracheostomy improves outcomes for PMV patients. 24, 32 In this regard, the timing of tracheostomy should be individualized according to ongoing assessment of a patient's progress, readiness to wean and preference.
There are several limitations to this study. First, the data were collected in a specialized IRCU and the study patients were intubated and requiring prolonged mechanical ventilation.
Thus, the results might not be universally applied to all patients receiving prolonged mechanical ventilation. Second, because of the design of this study, we are able to draw conclusions regarding associations but not causation. Third, the relatively small number of patients limits statistical power, particularly in comparison between successfully and unsuccessfully extubated patients as the number of patients in the latter group is even smaller.
Finally, although total agreement of the cough effectiveness assessment between nurses was observed in the majority of the patients, we could not evaluate the reliability and reproducibility of the assessment of cough in this retrospective study. Further investigations are needed to validate our results.
Conclusions
In a cohort of PMV patients who passed an SBT and were considered clinically appropriate
for extubation, we demonstrate that ineffective cough was the single best predictor of extubation failure and there was an association between extubation failure and adverse patient outcome. This indicates that there is still much unknown about the determinants of extubation outcome in patients with PMV and more work is needed to broaden our understanding of the issue. In addition, extubation failure is associated with future mortality; thus, different management strategies should be established to improve patient outcome. Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE. Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE. Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE. 
